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® Disk drive system and method for accessing a physical memory location therein. 

««ihnrt mr accessina a physical memory location in a disk drive system 
© Trie present invention proves a mrttf , fcr««0^ ^ , oMs (4n) , and at 

having at least one ^^^^^^S^Sl memory logons, wherein each physical memory 
least one magnetic head (14) for accessing ™p.y ^ the method comprising the 

location is designated by a cylinder number, a head number and a ^ comprising a logical cylinder 
steps of receiving a request for access to a physical am JJJjJ^S cyli L f address, the logical 
addTess, a logical head address and a ^^"^^^SS a physical head number and a 
head address and the logical sector address ^^^^^^ phyS ica, Memory location on the at 

cylinders arbitrarily located on tf» at least one magnetic storage ctafc. 
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DISK DRIVE SYSTEM AND METHOD FOR ACCESSING A PHYSICAL MEMORY LOCATION THEREIN 

V. pre**. M- — » a -WW 

stta0 e. Rater** »» 10 Firjura l.abW dw*v of. sttnd»d 4* *«w ^ 
d*. sya.ro 10 inctata, oris or more rnagnrto *> 'f>«' ■ ^ diate . A „ — » 1 B manias 

instructions to the disk drive system to ^cess or "^J^a logical format would 

on the disks. Information on the chsks, towevec .» s^red n * °9 afeas „ ^ disk . 

sequentially read or store data withoul t co itrtarmg the frQm ^ host com puter 20 into a 

Therefore, the- control,*, 18 is S^SaSSsHto-ia perform*^ controller 

ss&w^ ^ tar9et tocto — 

system 10 is shown. The purpose of lusting the *2^£ W of h £'^ in venSon. Each side of a 
L stored on the disks, which is essential ^J^^JoS Jar disk (HD = 0 and HD ~ 1). 
disk 12 is called a data storage surface 30. and hhene are** surtace ^ ^ ^ fe 

Each surface 30 comprises a P«/ f ^ k nt ? 0^^^^ track is designated as the last 
generally designated ^-f^J^^^^^^S^-^ « are journalled about a 
^aSr-SS-ci The common of like «c « — on 

created by the sectors 38 and the tracks 32 form ^^^^ is acce ssed by a three co- 
segment is capabie of storing «^£^^Si^^1he^n^. 
ordinate address corresponding to the cylmder w™^^™™ seventeen sectors per tack. 

to the early magnetic disk Wj***^?*?^™ ^2 bytes of Information can be stored 
More recently, due to advances in d.sk ^T^^VSl^^e increased, and the current 

per track can be expanded to as many as forty Jour. ^ host wmputer 20 into the correct 

A control.. 18 is a logical cylinder, head and sector 

target physical segment 40 on the disk. Eacn bjw m locations, 
address, which must be translated * •^^S^SS' Host computers 20 still operate on the old 

• « logic* . **» «~» 0*3 w«l *»«™ — » 

3£1<I «ie « PMC — » — — <« — ^ **** *" ,M ' * *" 
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S, 2 P6r traCk ' f ° rmat Tne h0St computer 20 sends a request to the controller 18 for a 

SSr^r-T"? S '•° 9iCal ° ylinder nUmbsr 3 ,0giC31 head niJmber and a <°9 ic3! sector 
Tlrst ste ? ,n the mathematical translation is to convert the logical request into an 

computer format, oy multiplying the requested cylinder number (1) times the number of heads oer cylinder 
(4) femes the number of sectors per track (17), and adding the head request number (3) times 'the number 
of sectors per track (17} and also the sector request number ((6), as follows- 



ft x 4x17) + (3x17) + 16 = 135 



10 



15 



25 



30 



The previous calculation is much like the calculation to convert a base seventeen number into a base ten 
number. Next, the base ten number must be translated into a base twenty six location 

drive lTrt 6 'T> TT er ' iS tr3nS,ated int ° 3 tar9St Physical se 9 ment in the *»enty six sector disk 

ZluZ, TthJ . ? manner " * e tflr3e he£d and tmnt * S8ctors psr ^k disk drive 

configuration, there =re seventy eight segments per cylinder. With an intermediate segment number of 135 
one cylmder ,s completely used up with fifty seven segments remaining (135 - 78 = 57) Two comolel 

HZ S J^ ^ C ° mpl6tely inSerted int0 fha rsmainder (2 x 26 = 52), with a remainder of five sectors. 
Acco dingly : tne .arget franslation results in a physical segment designated by the numbers- 
cylinder = 1 
20 head = 2 
and 

sector --- 5, 

in tne second step, the target physical segment location is adjusted to ccmoensate for physical defects 
which occur on the disk prior to me above physical target segment location. Before discussing two common 
f ° ( r h C0 ' n P ensaJin 9 for defects . ^ ^ first necessary briefly to described how physical defects are 
dSSfh" f h T diSk driVe manufact ^ vvrites information on every segments on the 
17 « k T 4 ,nformation - Segments from which information cannot be read are marked as 

d fecfeve. The locations of all the defects are recorded and mapped out of the physical disk so that they are 
not accessed during actual disk drive operations. 1 
Two popular methods of mapping out defects are described below, in the first method, a physical track 

ZnZZ . 0U t T ^ d5k - ^ *** muSt be iar 9 e enou 9 h t0 commodate the total number of 
.egmente per track (i.e. twenty six) p]us the allocation of several spares. The sectors are then mapped out 
consecutively startmg with 1 and ascending in-order lo the last sector number 26 within the track. 
35 ScT^ 3 * ° CCUrS ^ * e tr3Ck ' * i5 Simp ' y ^ ma ^ a ^ area at the end of the 

t^ 6 ™ 9 ? n ! UStratiVe tab ' e ° f R9Ure 6 f ° r deScnbin 9 the first defect management method, a 
twenty s« sector track ,s shown. The segment numbers ascend in linear order from one to three until 
segment number four is encountered. In the fourth segment, an "X" appears signifying that a physical 

tulTJLTT ma ° pinS meth ° d deSCribed £bova ' the fourth se S ment is dimply re-maooed, as 

illustrated by the arrow, into a spare segment at the end of the track. ' 

ohviLI SJ** management m6th0d acC0fdin 9 to the prior art, the solution for accommodating 

Physical defects that occur ,n a track is simply to skip fhem and to increment the remaining segments 

^t™ 3 ^ ^ - ** - - ^ * ~ a - 

rr,^^^ 9 T w ^ iiIUSfratiVe t3bie ° f R9Ure 7 ' f ° r SXplai0in 9 second P rior s * defect management 
mefood, a amplified twenty six sector track is shown. Tne defect at segment four, identified by anV is 
pushed into the next segment. As a result, the subsequent segment numbers five to twenty six am 

h T^T S ° T SeCt ° r 33 3 i09iCaI addfSSS iS in 3 phySiCal ,0catton ' which ha * ^en incremented 
so sector accumulated number of bad sectors occurring before the requested logical 

A number of problems are associated with the translation and defect management methods of the orior 
art cs descnbea aoove. Foremost, the time required for the mathematical translation is excessive It' is a 
w> ^ T f f0CeSS ^ diSk ^'^ COntr ° l,ef t0 aCCSSS *° aforementioned absolute physical 
e - Til ^! r8qUired 10 ke6P tra ° k ° f the dSfects also slow down ^ e computation sicnificantlv. 

Jrr:rT mate,y , t0 ^ e miiil '- seconds are re ^ ir ed for each translation. The accumulated effect of these 
x-anslatrons senously .mpedes information transfer time between the disk drive system 10 and the host I 

Another problem with the prior art is thai it fails to make efficient use of the physical space on ihe disk If 

H 
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70 



15 



driv- media. Even with twenty six sectors per track, a large percentage of the magnetic storage s^tace 
femlin^sed. The sectors conned in the innermost tracks are physically shorter 
sttuated near the outer circumference of the disk. The information storage densrty per segmerrtntte inner 
*Ss is therefore relatively high, and is an efficient use of space, in contrast the densrty tf the outer 
™nts7 Safely low, and is an inefficient use of space. As a result, a substantial pementege of the 
7^ ^^ >oc*B6 near the outer circumference of the disk is unused. Furthermore, a 
nroDorticn of the spare segments remain cniised, wmch is wasteful , 
P it fe^ oblct oi the7resent invention to provide a technique for accessing a physical memory location 
?n a disk drive system which avoids or at least reduces the problems indicated above. 

JSSj to one '^Pect of the present invention, there is provided a method for accessing a phys-cal 
J££3£ in a dis' drive system havmg at least one magnetic storage ^^1^^ 
physical memory locations, and at least one magnetic head for accessmg the physcai memory locals 
KS Sch physical memory location is designated by a cylinder number, a head number and a sector 
Ser foe meL comprising the steps of receiving a request for access to a physical memory location. 
rSuS corSeing a fogica. cylinder address, a logical head address and 
£2T«? logical cylinder address, the logical head address and the Iog.caJ se ^ "** 
"cyLer numbe" a physical head number and a physical sector number; seeing s^d at leas 
rZ macnetic head to the physical memory location on said at least one d.sk designated by me physical 

°^^^ysL\ea<i numbeTand the physfca! sector number, characterised in foat *WJ-R_ 

20 oT ^lS comprises obtaining the physical cylinder number by referring to an ndex table, .n wtoh 
SgS Siinder addresses correspond with physics! cylinder numbers for physical cylinders arbnranly 

^ZZZ? ^r^f^^o, there is provided a disk drive spavin* a 
confoS 2 I-* magnetic storage disk having a plurality of physical 

« one maanetic head for accessing the physical memory locations, where.n each physical memory location is 
dSSty a cyl^er numbed, a head number and a sector number, the controller comprising means for 
eSnta ^uS for access to a physical memory location, in the form of a Jogicai 
oS head-dress and a. logical sector address, and. means for translating the i logical cylinder address^ 

'"^£Ti£?Sl~ and L logical sector address into a physical cylinder number, a > phy«» head 

M rlbelnd a physical sector number, and the control being arranged to move sad i. lee* one 
Se head to me physical memory location on said at least one magnetic storage disk designated by 
!ZC^r»bd«r number, the physical head number and the physical sector number, charactensed n 
SlTSSZrSrttar comprii an index table in which logical cyRnder addresses correspond wrth 
Z cytder numbers for physical cylinders arbitrarily iccafod on said ^^tetysS 

S5 means for referring to the index table in response to the request for access for obtaining the physical 

^ eTme^f the present invention, it is pessibie significantly to reduce access time to any storage 

'^ZmonS^inSn 8 permits an arrangement of target physical cyHnders in the disk drive 

An ^v^fpm which Is advantaqeous in terms of use of space. 

* For'etmX the percentage of physical disk space that is actually used for inform**^ .forage may be 
significantly increased by dividing the physical area of the disks into severe, .ones, and varymg the number 

° f TSSCS' "thttrible may b. used for high speed transitions of logical cyOnder reguests 
45 into ^S^'cyLers of the at Wast one magnetic storage disk. Preferably, the , ndex table also 
pliSoSlnJa defect table if there is a defect present at the target f*^^"£ 
case, the defect table may provide an offset value to push the target physical location ,nto a new, defect 
fr^P nhvsicat location to allow direct access of this new location. 

STSmS^i he described further, by way of example, with reference to foe accompanying 

50 dra Rgufe Ttea block diagram of a standard disk drive system according to tie prior art: 

fS e 2 is an isolated perspective view of several of the disk of the disk drive system of Figure 1. 

Figure 3 is a flow chart representing the steps in a method according to the P^»^ 

Figure 4 is an index table employed in the present invention for h.gh speed logical to physical target 

55 STsttSE table employed in the present invention for managing defect adHiStment when a 
defect exists in the indexed physical target cylinder; and 

- Figures 6 and 7 illustrate prior art appr oaches t o defect management _ ._ _ _ . _ 
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The present invention, which may be employed in a disk drive system substantia^ as shown in Figures 
1 and 2 and which is represented in the How chart in Figure 3, relates to a disk drive memory location 
translation and defect management arrangement, wherein {he disk drive controJier uses an index table to 
translate a logical cylinder address in a request received from a host computer (step 50) into a 
s corresponding, arbitrarily designated, beginning of a physical target cylinder location in the disk drive 
system (step 52). Once the physical cylinder is located, physical head and sector locations are determined 
with a quick, relatively simple mathematical translation (step 54). 

If a defect is present in the indexed physical target cylinder, the index table provides a defect flag (step 
56) to inform the controller of the existence of the defect and a pointer which points to a predetermined 
70 entry in a defect table (step 58). The selected entry in the defect table provides a defect offset value for the 
physical location in question. The offset value is added to the start co-ordinates of the physical target 
cylinder location, Le. to designated cylinder, head and sector co-ordinates, (step 60) to push these co- 
ordinates into a defect free physical location. The adjusted or unadjusted start co-ordinates {depending on 
whether or not a defect existed in the designated cylinder) are added to the computed translation providing 
is the physical head and sector locations (step 62) to provide a translated and defect management adjusted 
physical co-ordinate set for output (step 64). 

The net result of the present invention is that it significantly reduces information access time, from its 
arbitrary arrangement of individual physical cylinders on a disk, and significantly increases the percentage 
of physical space used for information storage. 

Referring now to Figure 4, an index tabie used for high speed logical to physical target cylinder 
translations according to the present invention is shown. This table is stored in a memory associated with a 
servo-processor within the disk drive controller ta. and is accessed for each seek to a memory location 
ordered by the host computer 20. The logical cylinder co-ordinate requested by the host computer 20 is 
used to designate an address for accessing each entry in the index table. The logical head and sector co- 
ordinates are used later in a mathematical equation to refine the target cylinder start co-ordinates provided 
by the index table. ... 

The first entry is labelled as logical cylinder 0, and me last entry corresponds to the last logical cylinder 
accessible in the disk drive. For the purposes of simplification, the index table of Figure 4 contains onfy ten 
■ logical cylinder entries numbered 0 to 9. it should be noted, however, that the index table can be adapted to 
so operate with any disk drive system. 

— table entry includes four bytes of data to store the aforementioned physical informationTThe four 

bytes store the information as follows:- 

Byte 0 == [HD, HD, HD, HD, ISf, C, C, C] 
Byte 1 = fC s C, C, C, C, C, C. C] 
35 Byte 2 « [I, SR. SR, SR, SR, SR, SR, SR] 
Byte 3 = [f, J T UZ, F/Z, 1/Z, UZ T UZj 
wherein 



2Q 



25 



HDp 


(HD) 


= the physical head location 


N 


w 


= a defect flag bit ~ 


CYLp 


(C) 


- the physical cylinder location 


SCRp 


(SR) 


= the physical sector location 


I 




= index into defect table, or 


2 




= zone (number of sectors/cylinder] 



The co-ordinates given for each table entry for physical cylinder location (C), physical head locaticn 
(HD) and physical sector location (SR) provide a pointer to a designated start for the target physical cylinder 
corresponding to the requested logical cylinder. Because the start of a target physical cylinder may be 
arbitrarily designated anywhere in the disk drive system, the translation method of the present invention 
offers disk space access and structuring freedom which was not previously realisable. 

The *W* bit is a defect flag, if no defects are present in the target physical cylinder, the defect flag is 
set to N = l. With no defects in the cylinder, byte 3 contains zone information. Different values of "2* 
inform the controller 18 of the number of sectors per cylinder, which may vary from zone to zone. A zone 
consists of one or mere cylinders, which have the sane number of sectors per cylinder. The zone content 
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is important in mathematically translating the logical head and sector co-ordinates, based on seventeen 
sectors oer track, into the physical head and sector coordinates, which tinder the present invention have a 
variabfe'sector basis depending upon the zone. The present invention translates the head and sector co- 
ordinates in the same manner as was previously described concerning the prior art To summarise, the cc- 

s ordinates based on seventeen sectors per tack are translated into a base ten intermediate number, which « 
subsequently translated into a co-ordinate set based on the actual sectors per track contained m the 
particular zone of interest — : "' ' " 

Note that the index table only provides the physical cylinder's start location corresponding to the host 
computer's requested logical co-ordinate set The remaining two requested logical co-ord.nates are 

jo translated mathematically as described above. If no defects exist in the designated physical cylinder the 
mathematically translated co-ordinates are added to the physical cylinder's start co-ordinates to provide a 
complete set of translated co-ordinates defining the target physical location. However. « the defect bit is set 
to N = 0, indicating that a detect exists in the physical cylinder, byte 3 contains a pointer "1 Into the defect 

table 80 of Figure 5. . . _ 

75 The indexing arrangement, as described above, provides several advantages over the prior art. Trie 
index table look up and calculation takes less than 200 micro-seconds, and represents a significant time 
reduction in the prior translation and pre-seek arrangement described before. Current disk dnve manufactur- 
ing technology has reduced the number of defects present on a typical disk to an average of one defect per 
four tracks.- Accordingly, the index table as described above is used approximately 75% of the time, wh|eh_ 
m means that three out of four of the logical to physical translations occur in less than 200 micro-seconds. The 
reduction in time is due mainly to the elimination of the complicated mathematical computations, required 
for translating the logical cylinder number into a physical cylinder location, through the use of the index 
table 

Referring now to Figure 5, the defect table is shown. The defect table SO is accessed by the i^xtable 
25 of Figure 4 if a detect exists in the indexed physical target cylinder. Each teble entry of the defect fable 80 
includes four bytes of data for storing the following information: 
byte 0 [t7, t& t5 f t4, t3 t t2, t1 , JO] 

byte 1_- DO, z6, z5, z4, z3, z2, zl, z0]_. _.. „ 

byte 2 =* £h3, hZ M, h0, c3, ci, cO, reserved] 
so byte 3 = [s7> s6, s5, s4, s3 r s2, s1 . sO] 
wherein 





sc% 


(t) = 


= target physical sector on cylinder, 


35 


CYL D 


(c) = 


= cylinder push count/ 




™ D 


(h) = 


= head push count, 




TARGET 


SCR (s) - 


= sector push count , 


AO 


L 


(1) ' 


= last defect on this cylinder, 




Z 


(z) = 


= zone (number of sec tor /cylinder) , 


45 




and 








R 


- reserved. 



5 a The value "1" from the index table provides the address information for each entry in the defect table 
80 Within the defect tabte B0, the cylinder push count (C), head push count (HO) and sector push count 
( SR) represent the push or offset value for a single target physical cylinder entry in the defect table, and not 
the accumulated number of defects for the entire drive. The value "L» in the defect table is used to 
delineate the last defect on the target physical cylinder. The zone value T provides the number of sectors 

55 oer cylinder* 

To implement the disk drive translation and defect management method of the present invention, it is 
first necessary to construct the index and defect tables. The index and defect tables are constructed at the 
disk drive factory The tables are then stored in micro- code, and are loa ded into the dis k drive s yste m when 
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booted up. 

Each defect is discovered by filling the disks with data and then attempting to read the data stored in 
each segment A listing or map is constructed that fists every possible co-ordinate set or cylinder number, 
head number and sector, and designates which addresses are defective. This listing is called a sector map. 

The sector map is used to construct both the index table and the defect table. Disk drive designers use 
the sector map to determine the best layout of start and stop locations for each cylinder. Cylinders may be 
designated, such that, large blocks of defects may fail between cylinders. Consequently, these areas would 
never be accessed by the disk drive. Each designated physical cylinder start position is tabulated with the 
host's logical cylinder designation to create the index table, for example as shown in Figure 4. 

The disk drive designers complete the index table by adding the defect flag, the zone data, and the 
defect table pointer address, if necessary. 

The defect table is constructed by listing the number of defects per physical cylinder. Defects are 
aceumrnufated by sequentially adding them as the cylinder is searched. As the defects are added, a push 
count is generated and maintained. The push count is an address offset, usually designated by a three co- 
ordinate set, namely: cylinder push count, head push count, and sector push count This push count is 
added to the requested address to move, or push, the address to a new, non-defective sector. The defect 
pointer designates the first defect in the defect table corresponding to the particular cylinder in question. A 
series of defects is entered into the table as a single entry with the push count incremented by the number 
of errors in the series. The table is then searched until either the target sector is reached in the search or 
me last defect on this cylinder flag (L) is detected. In either case, the push count up to that point is added 
to the physical cylinder start position providing an adjusted start position which when added to the 
calculated target head and sector co-ordinates will result in an error free address. 

Each physical cylinder has a corresponding address or set of addresses in the defect table, unless no 
errors exist in that cylinder. A defect table search adds approximately 50 micro-seconds per defect to a 
translation time. Typically, therefore, a worst case for the translation time for searching a physical cylinder 
with six discrete defects is less than 500 micro-seconds. 

The disk drive translation and defect management method of the present invention provides numerous 
advantages for information storage in disk drive systems. The main advantage is a significant reduction of 
translation time. With the target location stored in the index table, the mathematical steps required to 
calculate the target physical cylinder are no longer necessary. Furthermore, no matter how many physical 
defects occur before a target physical location, it is not necessary for the controller 18 to perform any 
defect management computations because they have been pre-computed in advance. Accordingly, the 
present invention reduces computation time to approximately 10% of that required in prior arc methods. 

Another significant advantage of the translation and defect management arrangement of the present 
invention is its flexibility in mapping the disk drive. The index table can be constructed so that any logical 
cylinder number can be translated into an arbitrary physical location designated anywhere on the disks of 
the drive system. For instance, it is advantageous to place the physical cylinder location corresponding to 
the logical cylinder 000 in the middle of the disk. This is accomplished by constructing the index table so 
that when the logical cylinder 000 is called, the index table directs the controller 18 to the physical location 
in the middle- of the disk. The advantage of mapping the physical cylinder 000 into the centre of the disk is 
that 11 reduces the average head access time in half. 

Yet another advantage of the present disk drive translation and defect management arrangement is the 
ability for an end user to modify the disk drive into different configurations. By adjusting the number of 
entries in the index table, the number of physical cylinders and heads in a disk drive can be altered. For 
example, a 700 cylinder two head disk drive can be altered into a 500 cylinder three head disk drive. This is 
accomplished by reducing the number of entries in the index table from 700 to 500, and adjusting the 
physical head information (HD) stored In byte O of the index table to reflect a change from two to three 
heads. 

Yet another advantage of the disk drive translation and defect management arrangement of the present 
invention is its ability to handle efficiently a large number of defects which may occur in a disk drive 
system. The defect management arrangement of the present invention enables grouping of the defects 
together so mat they appear as a single defect during translation. For example, if five discrete defects occur 
in close proximity to one another, the group of defects can be mapped to occur between the end of one 
physical cylinder and the beginning of the next physical cylinder. In this manner, the group of discrete 
defects are essentially spanned or mapped out of the index tabfe. The defects are thus transparent to the 
controller 18. 

Yet another advantage is that the arrangement of the present invention can use disk drives and space 
more efficiently. The zone number n Z n for each entry can be arbitrarily set to vary the number of sectors 
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per cylinder from zone to zona For example, the inner zone may be set to thirty sectors per cylinder, the 
middle zone may be set to thirty six sectors, and the outer zone may be set to forty four sectors. Such an 
arrangement provides an efficient use of the physical media space of the dfsk drive. 

Claims 

1* A method for accessing a physical memory location in a disk drive system having at feast one 
magnetic storage disk (12) having a plurality of the physical memory locations (40) t and at least one 
magnetic head (14-) for accessing the physical memory locations, wherein each physical memory 
location is designated by a cylinder number, a head number and a sector number, the method 
comprising the steps of receiving a request for access to a physical memory location the request 
comprising a logical cylinder address, a logical head address and a logical sector address, translating 
the logical cylinder address, the logical head address and the logicaf sector address into a physical 
cylinder number, a physical head number and a physical sector number, and seeking said at least one 
magnetic head to the physical memory location on said at least one disk designated by the physjcal 
cylinder number, the physical head number and the physical sector number, characterised in that the 
step of translating comprises obtaining the physical cylinder number by referring to an index table, in 
which logical cylinder addresses correspond with physical cylinder numbers for physical cylinders 
arbitrarily located on said at least one magnetic. storage disk, ._ . - 

2, A method according to claim 1 characterised in that the step of translating further comprises referring 
to a defect table for generating the physical head number and the physical sector number from the 
logical head address and the logical sector address, whereby to compensate for physical defects on 
said at least one magnetic storage disk, 

a A method according to daim 2 characterised in that the defect table contains a defect, count 
representing the number of physical defects present in each physical cylinder on said at least one 
magnetic storage disk, and in that the step of generating comprises computing an inifi^phydc^_h^_ 
number 'anTanlnitTal physicai" sector number 'from the logrcafhead address and the logical s"ector" 
address and adjusting the physical head number and the physical sector number according to the 
defect count obtained from the defect fable. 

4, A method according to claim 2 or 3 characterised in that the step of referring to the defect table is 
initiated by a pointer in the index table. 

5, A disk drive system having a controller {18), at least one magnetic storage disk (12) having a plurality 
of physical memory locations (40), and at least one magnetic head (14) for accessing the physical 
memory locations, wherein each physical memory location is designated by a cylinder number, a head 
number and a sector number, the controller comprising means for receiving a request for access to a 
physical memory- location, in the form of a logical cylinder address, -a logical head address and a 
logical sector address, and means for translating the logical cylinder address, the logical head address 
and the logical sector address into a physical cylinder number, a physical head number and a physical 
sector number, and the controller befng arranged to move said at least one magnetic head to the 
physical memory location on said at least one magnetic storage disk designated by the physical 
cylinder number, the physical head number and the physical sector number, characterised in that the 
controller further comprises an index table In which logical cylinder addresses correspond with physical 
cylinder numbers for physical cylinders arbitrarily located on said at least one magnetic disk, and 
means for referring to the index table in response to the request for access for obtaining the physical 
cylinder number. 

6, A disk drive system according to claim 5 characterised in that the controller further comprises a defect 
table, 'and means for referring to the defect table for generating the physical head number and the 
physical sector number from the logical head address and the logical sector address, 

7, A disk drive system according to claim 5 characterised in that the defect table contains a defect count 
representing the number of physical defects present in each physical cylinder on said at least one 
magnetic storage disk. 
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8. A disk drive system according to claim 6 or 7 characterised in that the Index table contains pointers to 
the defect table associated with the physical cylinder numbers for physical cylinders in which defects 
are present 

9, A method for accessing a physical memory location in a disk drive system, the system having a 
controller (18), at least one magnetic storage disk (12) having a plurality of physical memory locations 
(40), the individual locations being accessed by cylinder, head and sector numbers, and at least one 
magnetic head (14) for accessing the physical memory locations, the method being characterised by 
the steps of: storing in the controller an index table containing a set of logical cylinder memory location 
entries, wherein each said logical cylinder entry and said index table corresponds to a physical cylinder 
arbitrarily located in said disk drive system, transmitting from a host computer (20) a request, including 
a logical cylinder, a logical head and sector, to the controller to access a specific, physical memory 
location defined by a physics! cylinder, head and sector in the disk drive system, identifying said 
specific logical cylinder in said index table, and by virtue of said identification, pointing to said 
corresponding physical cylinder arbitrarily located in said disk drive system, translating said logical 
head and sector into respectively a physical head and sector within said pointed to physical cylinder, 
and seeking said magnetic head to said physical cylinder, head and sector to facilitate information 
transfer between said physical memory location arbitrarily located in the disk drive system and the host 
computer. 

10* A method of accessing a physical memory location in a disk drive system having at (east one magnetic 
storage disk (12) having a plurality of the pbysrcal memory locations (40), and at least one magnetic 
head (14) for accessing the physical memory locations, wherein each physical memory location is 
designated by a cylinder number, a head number and a sector number, the method comprising the 
steps of receiving a request for access to a physical memory location, the request comprising a logical 
cylinder address, a logical head address, and a logical sector address, translating the logical cylinder 
address, the logical head address and the logical sector address into a physical cylinder number, a 
physical head number and a physical sector number, and seeking said at least one magnetic head to 
the physical memory location on said at least one magnetic storage disk designated by the physical 
cylinder number, the physical head number and the physical sector number, characterised in that the 
step of translating comprises generating the physical cylinder number from the logical cylinder address, 
and referring to a defect table containing data relating to the defects in a physical cylinder on the at 
least one magnetic storage disk designated by the physical cylinder number for generating the physical 
head number and the physical sector number from the logical head address and the logical sector 
address. 

11, A disk drive system having a controller (18), at least one magnetic storage disk (12) having a plurality 
of physical memory locations (40), and at least one magnetic head (14) for accessing the physical 
memory locations, wherein each physical memory location is designated by a cylinder number, a head 
number and a sector number, the controller comprising means for receiving a request for access to a 
physical memory location, In the form of a logical cylinder address, a logical head address and a 
logical sector address, and means for transJating the logical cylinder address, the logical head address 
and the logical sector address into a physical cylinder number, a physical head number and a physical 
sector number, and the controller being arranged to move the at least one magnetic head to the 
physical memory location on the at least one magnetic storage disk designated by the physical 
cylinder number, the physical head number and the physical sector number, characterised in that the 
controller comprises a defect table containing data relating to the defects in each physical cylinder on 
the at least one magnetic storage disk, and means for referring to the defect table for generating the 
physical head number and the physical sector number. 
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